ABSTRACT
Results

A total of 72 experts were approached, of whom 60 agreed to participate and entered the first round; 48 (80%) completed all four rounds. For the definition of sFGR irrespective of chorionicity, one solitary parameter (estimated fetal weight (EFW) of one twin
Conclusions Consensus-based diagnostic features of sFGR in both monochorionic and dichorionic twin pregnancies, as well as cut-off values for the parameters involved, were agreed upon by a panel of experts. Future studies are needed to validate these diagnostic features before they can be used in clinical trials of interventions. Copyright
INTRODUCTION
Twin pregnancies complicated by selective fetal growth restriction (sFGR) are at increased risk of perinatal mortality and morbidity 1 . Inconsistencies amongst clinicians and researchers with regards to the diagnostic criteria used for the definition of sFGR make the prevalence of this condition difficult to determine. Some studies define sFGR as one twin with estimated fetal weight (EFW) or abdominal circumference (AC) < 10 th centile, while others use EFW/AC discordance between the twins of > 20% or > 25% [2] [3] [4] [5] [6] [7] [8] . While the incidence of sFGR is estimated to be 10-15% of twin pregnancies 9 , this incidence is likely to vary according to whether the diagnostic criteria rely only on the EFW/AC of one twin or also incorporate intertwin discordance. If the latter is the case, the incidence is also likely to vary according to the intertwin EFW discordance threshold used.
The recent International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) guidance defines sFGR in a dichorionic (DC) twin pregnancy as a condition in which the EFW of one twin is < 10 th centile, while in a monochorionic (MC) twin pregnancy the definition requires this criterion plus intertwin EFW discordance > 25% 10 . It seemed acceptable to use different diagnostic criteria for the same condition in DC and MC twin pregnancies, as the pathology leading to sFGR differs according to the type of twin pregnancy. DC twin pregnancies complicated by sFGR have conventionally been managed as FGR in singleton pregnancy, but recent evidence questions this approach 8 . In MC twin pregnancy, sFGR is thought to result mainly from unequal placental share 11 .
These inconsistencies in the literature with regard to the diagnostic criteria for sFGR make it impossible to compare the findings of existing studies, to combine their results, or to establish robust evidence-based management or monitoring pathways. Recently, a consensus definition of FGR in singletons, derived using the Delphi methodology, has been published 12 . However, there currently exists no gold standard definition for sFGR in twin pregnancy. In order to attempt to improve the outcome of these pregnancies, it is imperative that researchers and clinicians first agree on a standard definition. The main aim of this study was to reach expert consensus on a definition of sFGR and essential reporting parameters in DC and MC twin pregnancies, using a Delphi methodology. We also attempted to reach expert consensus on the parameters involved in the monitoring and management of these pregnancies, and those representing the key pregnancy outcomes.
METHODS
The Delphi methodology was used, which is based on the scoring of a series of structured statements that are revised, fed back to the participants and repeated in multiple rounds, in increasing detail, until consensus has been reached 13 . This procedure aims at refining the opinions of participating experts, while minimizing confounding factors present in other group response methods 14 . The rationale for using the Delphi procedure is that it is a well-established instrument with which to reach consensus from a panel of experts on research questions that cannot be answered with empirical evidence and complete certainty 15 . Panel members were identified based on their publication record as lead or senior author of studies on sFGR or twin pregnancy, or by suggestion of confirmed panel members. When inviting panel members, wide geographic representation was sought specifically in order to ensure generalizability of the consensus definitions. The votes of all panel members are weighed equally within the Delphi process. Experts who did not complete a particular round were not invited for subsequent rounds. The results were reported according to the guidelines for reporting reliability and agreement studies (GRRAS) 16 .
Data collection
Data were collected in four consecutive rounds using online questionnaires that were presented to panelists through a unique token-secured link for each round. Responses were captured in LimeSurvey version 2.50. Non-responders received reminder emails after 2 and 4 weeks, and were excluded from subsequent survey rounds if no response was obtained. Each round included the option of offering additional items or suggestions, as well as withdrawal of items from the procedure. Newly suggested items were categorized and considered carefully by the panel for their applicability in this procedure. Details were collected regarding the countries in which the experts practice, self-reported expertise, the invasive procedures they perform and the average yearly number of DC and MC twin pregnancies delivering at their hospitals/institutions. The questions were presented in two separate categories according to chorionicity (DC and MC twins).
First round
Based on a literature review, parameters that could potentially be included in the definition, monitoring, management and assessment of pregnancy outcome were presented to the panel for agreement. They were also given the opportunity to suggest additional parameters that they considered relevant. In MC twins, some of the included parameters are not specific for the diagnosis of sFGR, but reflect the possible need to exclude other pathologies, such as twin-twin transfusion syndrome (TTTS), as a cause of growth differences. The panel was asked to rate the importance of the literature-based parameters for sFGR on a five-point Likert scale (1 = very unimportant, 2 = unimportant, 3 = neutral, 4 = important, 5 = very important). The predefined cut-off for inclusion of parameters in the consensus-based definition for sFGR was a median score of 5 on the Likert scale.
Second and third rounds
In the second round, accepted and newly recommended items from the first round were presented to the panel with the answer options 'yes' or 'no'. Items that in the first round scored the predefined cut-off of a median Likert score of 5 were considered as inclusions and presented to the panel for verification for inclusion, while items with a median score of 4 were presented to verify exclusion. Items with a median score of 3 or lower were considered rejected and verification of rejection was requested. A predefined cut-off level of 70% agreement was used to define consensus for these questions. In the third round, parameters that fell within a 60-70% agreement range were presented to the panel for reconsideration.
In the third round, parameters with a median score of 5 were presented to define whether the parameter should be a solitary and/or a contributory parameter. A solitary parameter was defined as one sufficient to diagnose sFGR, even if all other parameters are normal. A contributory parameter was defined as one that would require other abnormal parameter(s) to be present to diagnose sFGR. Furthermore, the panel was asked to specify cut-off values for each parameter. The proposed cut-off values were literature based. Experts were also asked to determine these cut-offs for solitary or contributory parameters separately, as these thresholds could potentially differ.
Final round
Possible algorithms to define sFGR were presented to the panel to determine how many contributory parameters were essential for the diagnosis of sFGR in either MC or DC twin pregnancy.
RESULTS
Seventy-two publishing experts were invited to join this Delphi procedure. In the first round, an expert panel of 60 participants joined. Response rates in the subsequent rounds were 92% (55/60) in round two, 87% (48/55) in round three and 100% (48/48) in the final round. Thus, 80% (48/60) of participants starting the Delphi procedure completed it. Details regarding the self-reported expertise, specialization and demographic characteristics of the participants are shown in Table 1 . Global coverage was achieved, but participants were mainly from Europe, which reflects fairly the geographical distribution of published studies investigating sFGR.
In the first round, the panel was presented with 62 and 59 parameters for MC and DC twin pregnancies, respectively (Table S1 ). Figures 1, 2 , S1 and S2 demonstrate the Likert scores of each parameter included in the definition, monitoring, management and assessment of outcome, respectively, of twin pregnancy complicated by sFGR. All the parameters suggested by members of the expert panel were presented in the following round for voting. Tables 2 and 3 list the agreed conditional parameters for the definition of sFGR in MC and DC pregnancies, respectively. In MC twin pregnancy, the conditional parameters included assessment of gestational age, TTTS and twin anemia-polycythemia sequence, and exclusion of structural anomalies, aneuploidy and genetic syndromes. The general parameters included EFW, EFW discordance, AC and umbilical artery (UA) pulsatility index (PI). In DC twins, the conditional parameters included assessment of GA, and exclusion of structural anomalies, aneuploidy, genetic syndromes and congenital infections. The general parameters included EFW, EFW discordance and UA-PI.
In the third round, the panel agreed the cut-off values for both the solitary and contributory parameters. Consensus was also reached on the rejection of 41 parameters in MC twins and 27 parameters in DC twins (Table S2 ). In the final round, solitary and contributory parameters and their cut-offs were presented together as possible algorithms. For sFGR in MC twin pregnancy, one solitary parameter (EFW of one twin < 3 rd centile) and at least two out of four contributory parameters (EFW of one twin < 10 th centile, AC of one twin < 10 th centile, EFW discordance of ≥ 25%, UA-PI of the smaller twin > 95 th centile) were agreed upon (Table 4) . For sFGR in DC twin pregnancy, one solitary parameter (EFW of one twin < 3 rd centile) and at least two out of three contributory parameters (EFW of one twin < 10 th centile, EFW discordance of ≥ 25%, UA-PI of the smaller twin > 95 th centile) were agreed upon (Table 4) . To diagnose sFGR in MC twins, the percentages of the panel voting at the last round were 62.5% for two out of four contributory parameters, 35.4% for three out of four contributory parameters and 2.1% for four out of four contributory parameters. To diagnose sFGR in DC twins, the percentages of the panel voting at the last round were 85.4% for two out of three contributory parameters and 14.6% for three out of three contributory parameters. 
DISCUSSION
Summary of findings
In this study, a consensus definition of sFGR in MC and DC twin pregnancies was established through a Delphi procedure. EFW of one twin < 3 rd centile on its own would establish a diagnosis of sFGR in either MC or DC twin pregnancy. Alternatively, the combination of three out of four parameters (EFW of one twin < 10 th centile, AC of one twin < 10 th centile, EFW discordance of ≥ 25%, UA-PI of the smaller twin > 95 th centile) would indicate sFGR in a MC twin pregnancy, while at least two out of three parameters (EFW of one twin < 10 th centile, EFW discordance of ≥ 25%, UA-PI of the smaller twin > 95 th centile) are needed in order to diagnose sFGR in a DC twin pregnancy. In addition, lists of parameters considered essential in the monitoring, management and assessment of pregnancy outcome have been established.
Interpretation of findings
The prevalence of sFGR varies in the literature, being up to 26% in DC twins and 15-46% 17 in MC twins when defined as birth-weight discordance of ≥ 25% in the absence of TTTS 9 . It is likely that much of this variation is accounted for by differing definitions of sFGR. Fetal medicine specialists should now use consistent definitions of sFGR in MC and DC twin pregnancies, to facilitate comparison of study findings or pooling of results from different studies. Only then will it be possible to establish robust evidence-based management or monitoring pathways.
An interesting finding of this study is that the expert panel did not choose twin-specific or customized growth charts. In the third trimester, growth in twins is consistently less than that in singletons, with the differences most pronounced, and apparent earlier, in MC than in DC pregnancies 18 . Despite this, it is common practice to plot twins' growth on singleton charts. The key question for clinicians is whether this difference in growth represents adaptation or restriction. If adaptation, there is a need for twin-specific growth charts; if restriction, there is a strong argument to use singleton charts to avoid missing FGR in twins. Trial evidence comparing the 12 . This indicates that the expert group supports the need to differentiate between small-for-gestational-age (SGA) fetuses, the majority of which have normal outcome, and growth-restricted fetuses, which need close monitoring and likely early delivery. Even in singleton pregnancies, most term stillbirths are not SGA 19 , and therefore not prevented by a policy that relies on fetal size alone. It may be that, as in singletons, the addition of Doppler parameters is of benefit in distinguishing the growth-restricted fetus from the well small baby 20 . Interestingly, it has been reported that the normal UA-PI reference range in twins differs from that in singleton pregnancies 21 .
Clinical and research implications
These findings could potentially change the way sFGR in twin pregnancy is managed and investigated. Firstly, new definitions for sFGR, specific for MC and DC twin pregnancies, have been agreed. Secondly, a lower centile threshold than that commonly used has been introduced (3 rd rather than 10 th ), reflecting the unfavorable outcomes in severe SGA fetuses in the absence of abnormal functional parameters 22 . Thirdly, a hemodynamic parameter was included. Fourthly, some parameters currently used in monitoring and management of these pregnancies have been rejected as not useful/recommended in routine clinical practice.
Whether the use of these proposed diagnostic criteria will lead to better identification of twin pregnancies destined to develop adverse perinatal outcome should be validated in prospective observational studies.
The consensus definition for MC twins might result in more fetuses being diagnosed with FGR than in DC twins, because of the additional inclusion of AC < 10 th centile. The definitions are meant to be applicable to FGR in both twins and to sFGR. sFGR can create the dilemma of whether to deliver both babies prematurely for the benefit of the smaller twin, or to observe longer to avoid premature birth of the larger twin. However, growth restriction is unlikely to be selective when there is only a small difference in growth between the twins. With the current definition for MC twins, sFGR can be diagnosed when one twin has AC/EFW on the 9 th centile and the other on the 11 th centile. In this case, the definition diagnoses FGR and does not address the conflict of interest in sFGR. The outcome of both twins is expected to be good in this case.
Strengths and limitations
The parameters for the diagnosis, monitoring and management of sFGR were assessed separately in MC and DC twin pregnancies. The perinatal mortality rate in MC twins is more than double that in DC twins 2 . This is likely secondary to the marked increase in fetal demise in MC twins (7.6% vs 1.6%). Furthermore, overall neonatal morbidity is also higher in MC twins 23 . Conditional parameters were identified that the expert panel considered essential to the assessment of these pregnancies, and essential to include during the design and reporting of research studies investigating sFGR in twin pregnancy.
The main weakness was the potential for selection bias associated with the inclusion of a group of experts who share similar opinions, which is an inherent weakness of the Delphi methodology. Nevertheless, these experts who agreed to participate in the Delphi procedure were those most familiar with the concepts and clinical implications of sFGR in twin pregnancy.
Conclusions
Consensus-based diagnostic criteria for sFGR in both MC and DC twin pregnancies, as well as the cut-off values for those parameters, were agreed by consensus of a large panel of experts using the Delphi methodology. In addition, lists of parameters considered essential in the monitoring, management and assessment of pregnancy outcome have been established. Prospective observational studies are needed to validate these diagnostic criteria before they can be used in clinical trials of interventions.
